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ABSIWLCT 
S i W  intensities of 20(H am material previously dkained by 

molecular beam mass -tric (M8Ms) pmbling of a lcw-pressure 
P ranixed nearsoot- benzene-oxygen flank2 were analyzed so as to 
determine mle fractions, fluxes ard n e t  reaction rates for 50-am 
fractions of high molecular weight flame species. me results shm 
trends irdicative of preferential a d a t i o n  of - in the 700-750 
a m  fraction. 
(C60) w i l l  be considered, and the d-served wrcentrations w i l l  be 

with literature values for C ~ O  ions in  similar flames. 

flame w i l l  be discllssed. 

me pertinence of these results to m* 1- 

the behavior of m l d a r  weight gxydth pra3ucts in  
flares i n  the nnss range of roqhly 300 to 2000 am has been limited by 
the scarcity of data for these species. ?he concentration profiles of 
chemical species in flames have been measured for campounds as large as 
C16HlO (*202) by mlecular iY3nv- i c  (MENS) sampliq1, 

US- MBEIS W l t h  t-f-fllght (TOF) mass -*, have w e d  
in the abave mass range b t h  positively- and negatively-charged ions, 
suspeded to be f d k r e n e s 3 f 4  and their p r e ~ l r s o r ; ~ .  

a d  C24H12 (-300! by gas - - @ W H -  and -r-, 

B i t t n e r ' s  ME%S data for a nearsooting (&valence ra t io  F l . 8 )  
benzeneoxygen-30% q o n  20-torr f l a t  flame also include high-- 
si@ profiles for a l l  species w i t h  masse5 greater than a given cutoff 
value: this cutoff mass was innemented by 50 am i n  the range of 200 
to 750 a m ,  inclusive. Hcward and B i t t n e r 6  analyzed these high m3s.s 
data for the nearsmting flame and similar data frcm a soot- ( e 2 . 0 )  
benzene flame, rea&i.rq tentative conclusions about the f o m t i o n  and 
destruction of the hi* molecular weight material (KMb8-f) and alxaxt its 
pcssible mle in scot formtion. Their analysis of the nearsooting 
data also gave evidence of the developnent of a bimcdal distribution of 
the masses of the HMKM with increasing heiqht above bunw (HAB). me 
earlier m r k  ms done withmt detailed flux and rate information, w h i c h  
was la ter  generated by -7, ami with ~ n l y  an emxinate txeatxent of 
the diffusion of the W. 

In the present work, the hi@-rmss signals of B i t t n e x ' s  near- 
sooting flaxe are analySea. earlier analysis of these data by 
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Haward and Bittner is extended by treat* each 50-anu interval asan 
-vi- species ard by c a l d a t i r g  fl- ard net reaction rates for 
each internal . mrcaches used to overoome limitations of the earlier 
work are aiscussed . preliminary analysis of the results gives 
information on the prevalence a d  khavior of swt precmsors. ?he 
resdts also give widere -istent with the existence of qjo in a 
nonscotm flame. 

lwLNspoRp mPEF.TES OF HIQI KILECULAR-WEIQIP Md!EKU& 

~n f l a t  flares, kmW1-e of the transport properties of the 
W v i -  species is essential in abtainirg kinetic informtion fm 
OOTlcentration data. Flat flames can be described as one4mms ' i d  
plug f i w  reactors with s t m q  axial diffusion. tue to strong 
diffusion& effects, CQIlCentration profiles reflect both transport 

ard CfEmiCal reaction. Icinetics or rate informticm is 
' G f r O n  inaivictual spec ig  concentration data by application of 
theone4uEm . i d  flaw equations of R- and westenberga . !me 
mncentration data (as a function of location) are'canbined with the 
diffusion equation to -in mlar fluxes of each species a t  each 
location: the derivative of the molar flux with resped to distance 
yields the net reaction rate of the inliviciual species. 

?heinixhre diffusion ooefficients used in the calalat ion are 
obtained frcm the binary diffusion coefficients using the relation of 
W i l k e g ;  binary diffusion ccefficients c a l d a t e d  frcm the Lwa?ad- 
Jones (l2,6) potential. S h  nl.L&UE diffusion coefficients 
d@ on the amposition of the murture , and since the mnposition 
CfiKliJeS dramatically in the region of interest, the calculation 
~~IUIES concentration data for all flare species. 

Treabznt of the diffusion of the HWH required Lenmxd-Jon~~ 
parametefi. D e t a i l s  of the approach w i l l  be published. Ihe 
correlations of ~ird, stewart, mi ~ ~ t f o o t l o  for the w - ~ o n e s  
parameters as a M i o n  of critical tempratwe (Tc) and critical 
pressure (FC) wre used.  he technique of FO- and malcsll for 
estimating c r i t i c a l  properties f m  mlecular structures of 

Fraa available data on the 

range of the m, -le assmptions were made concerning the 
mo1eoiia.r structures of ape&& amstitutents of the H. 'Ihe HMM 
was assumxi to an?sist of polycyclic axmatic hydrcarbns in the most 
peri-oondersed struchures possible for a given carfan number. Mi- 
onxmYs& PAH structures are the - c l d y  padcea arrangement of 
-tic rings. For the series of mmt peri-amknsd mlecules having 
only six- rings, LennardJang parameters wre estimabxi, and 
w d a t e d  w i t h  the m l d a r  weiqht. values of the correlated 
Lennan3-J- parameters for  the midpints of the 50-am langes 
mrrsidered (e.g., at 375 am for the 350-400 a m  range) were taken as 
the Iennard-Jams parameters for that %-arm -e, ea& range being 
treated as an irdividual flame species i n  the flux ard net reaction 
rate calculations. In the c(x~zse of the work, I a u - a n l - i r m  pram- 
for full-, aril haw= species cxntainirq both f i v e  and s~(- 
menbemd r-, - also estimated. It was f a n d  that replac- the 

gave values of Tc arr? Pc. 
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above calculated transport parameters for the 700-750 a m  mrqe w i t h  
those predict& for qo resulted in only slight quantitative ard no 
qualitative charges in the results. 

F I u x A N D R A m L z 4 L a m n c N ~  

mle fraction profiles for seleded mass ranges are Sxwn in Figure 
1. %e .profiles ahibit behavior -istent with that of a chemical 
m a t e ;  they are f i r s t  created then destroyed. licmzver, the 
mater ia l  heavier than 350 a m  is not axpletely destroyed in the f lam 
be- med. We calculakd net reaction rates (Figure 2 )  also 
reflect behavior typical of ate species, the profiles for each 
50-arm fzaction haviq  a region of net production f o l l d  by one of 
net oonnrmption. (We wiggles a t  the exbares of the rate profiles are 
artifacts of the mical smmthmg ' differentiation techniquesl2. ) 

BEHAVIOR OF 700-750 PNJ MXERIAL 

?he results for the 700-750 m mterial are different f m  all  the 
other ~ ? t w  profiles. The peak of the mole fraction profile is much 
broader ard oc~lls m& farther dmnstrem than is the case for any of 
the other ranges. ?he peak value of the mole fraction is also 
larger than what d d  be e f m  the abserved M of 
decreasing peak value with increasing mlealar weimt. '&e sarre 
abservations also hold for the mlar flux profiles. These results are 
also reflected i n  the net reaction rates calculated for the 700-750 aim 
m a t e r i a l .  ?he net production region is wider than that for any of the 
other 50-arrm fractions ard the peak is broader. The rat io  of the peak 
destruction rate to the peak pra3uction rate is also 1- for the 700- 
750 am m a t e r i a l  than for the other M. 

The results for the 700-750 am mterial  show that there is a 
larger m t  of material than in this imlecular weight range, 
that it is praiucsd over a lqer  region of the flarre, and that it is 
destroyed imre slowly, leading to an aaamulation of IMSS in this s i z e  
range. T h e  results mt be explained as the result of PAH 
coagulation, or in terms of especially stable PAH, but muld be 
expained in  tenui of an especially stable species which warld take 
longer to form ard be imre stable than the other PAH species. 

?he r su l t s  are consistent with the presence of c60 in the near- 
scotbq flam. The stability of c60 against attack by  radicals h3s 

cb~enredl3, ami in general, ,the relative alcnndan~e of c60 cc~pared 
to other CZlrbJn clusters is increased urd- mre severe reaction 
conditions. DE to its stability, C60 is likely to be destroyed imre 
slowly than the H?tw, oonsistent with the a m a t i o n  of m355 in the 
700-750 -e. We special structure of C60 would likely require imre 
time to be fomed than would a f l a t  PAH i m l d e  of ccsnparable s ize ,  
consistent with the delayed peaks in the 700-750 am profiles. 

- a3MpARISON WIVi (31HER O-!FIoNS OF c60 

ccmparison of thge results w i t h  those of HOPMM -3-5 w i l l  be 
pblished. Briefly, both studied employd the type of benzene 
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fl- a t  the same pressure, h t  the species ard the 
qui-- ratio ($) used in the t w  cases are different. merefore 
the amparison is sam&-mt axrplicatd ard requires explanation. zhe 
mm$er COTlOentZatiCdl prufile of 700-750 a m  fit6w a t  e 1 . a  fm the 
present study is cumred w i t h  the mmtxr cancentrations of G ~ +  a t  
p1.9  he fit6w as 
measuced by ~ittnerl dog not include ions. ions of ea& species, 
inclw c60, are e x p s t d  to be in nu& 1- concentratim than the 
neutrals. Also, the 700-750 auu HPWl d d  be exp f zkd  to include 
other species i n  additicn to 1~s5 720. For these reasom, the C,jo+ and 
c60- wmentxations M d  be ccolsiderably less than that of the 700- 
750 am HMM4. On the other hand, the 1- $ of the €!NW measurerwh 
d d  be to give oorsiderably loser cnrcentraticms than waiLd 
be w e 3  a t  the higher #Is  of the ion -ts. Cbnsiderbq 
these c p p x i r g  e f f e ,  the t w  sets of data are f a  to cclmpare 
favorably, w i t h  no obvious inoonsistencies. 
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Figure 1: Mole fract ion p r o f i l e s ,  200-350 amu. 
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Figure 2: N e t  r e a c t i o n  ra te  p r o f i l e s ,  200-350 amu. 
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F igu re  3 :  700-750 mole f r a c t i o n  vs. Homann c60 i o n  measurements 
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